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(54rLJGHT METAL ALLOY INJECTION-MOLDING MATERIAL. PRODUCTION THEREOF AND 
UGHT ALLOY FORGED PRODUCT 

PROBLEM*TO BE SOLVED: To improve the plastic workability by using a light metal composed 
of Al and Mg as alloy components as a base material and containing a-phase in Mg primary 
crystal having a specific value or lower of grain diameter. . ,, 

SOLUTION- Particulariy. the base material of the light metal alloy is Mg and as the alloy 
component and Al is desirable to contain at least 5 wL%. At the time of inject.on-form.ng under 
semi-melting state having <70% solid phase ratio, the grain diameter of the a-phase m the Mg 
primary crystal becomes <120 ^m and the uniformizing treatment effect is ^^^^''^^y,^;;^^;^^^^^ 
The condition of the uniformizing treatment is selected in such sufficient ranges of 300-500 C 
\ and 30 min-10 hr that Mg-AI compound existing in the grain boundary of the injection-formed 
^ product forms a solid solution in the base material. That is. these temp, and time are deeded 
under consideration grain diameter and quantity of the Mg-AI compound and '^^^^ f^l 
formed product Since the obtd. light metal alloy injection formed material has the formabihty of 
>60% the limit upsetting ratio, the light alloy forged product can be produced by applying the 
direct forging process. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Light metal alloy injection-molding material which uses as a base material the light 
metal which makes aluminum and magnesium an alloy content at least, and is characterized by 
including a magnesium primary-phase alpha phase with a particle size of 500 micrometers or 
less. 

. [Claim 2] Injection^molding material according to claim 1 which a base material is magnesium, 5 % 
) of the weight or more of aluminum is contained at least as an alloy content, and is 200 
micrometers or less of diameters of average crystal grain. 

[Claim 3] Injection-molding material according to claim 1 which a magnesium primary-phase 
alpha phase is 120 micrometers or less in particle size, and comes to dissolve to a base material 
with homogenization heat treatment in a MgAI compound substantially. 
[Claim 4] The manufacture method of the light metal alloy injection-molding material 
characterized by carrying out injection molding and carrying out homogenization heat treatment 
of the moldings after making into a melting state the light metal alloy which makes aluminum and 
magnesium an alloy content at least at the temperature of the half-melting state where solid 
phase/liquid phase lives together, or the melting point right above of an alloy. 
[Claim 5] The manufacture method according to claim 4 that a base material is magnesium and a 
light metal alloy contains 5 % of the weight or more of aluminum at least as an alloy content. 
[Claim 6] The manufacture method according to claim 4 by which injection molding of the light 
metal alloy is carried out in the state of halFmelting of 70% or less of rates of solid phase. 
[Claim 7] The manufacture method according to claim 4 which is within the limits of 30 minutes 
- sufficient 300-500 degree-Cx 10 hours for making the MgAI compound with which 
homogenization heat treatment conditions exist in the grain boundary of an injection-molded 
product dissolve to a base material. 

[Claim 8] The light alloy forging product manufactured by giving light metal alloy injection- 
molding material according to claim 3 to the forging process of 60% or more of rates of swaging. 
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DETAILED DESCRIPTION 
[Detailed Description of the Invention] 

[0001] \ . ij- 

[The technical field to which invention belongs] this invention relates to the injection molding 
material excellent in the moldabilily of a Ught metal aUoy. especially the Magnesium alloy 
which contains aluminum as an alloy content, its manufacture method, and a hght alloy 
forging product. 

[0002] . 
[Description of the Prior Art] The Ught metal alloy which uses aluminum or magnesium as a 
base material, especially the Magnesium alloy which makes aluminum an alloy content are 
lightweight, and attracts attention by performing plastic working, such as forging, as a 
material which can secure a predetermined mechanical strength. However, it is difficult for 
the cast cast in the mold with the usual dissolution casting for plastic-working nature, such 
as forging, to be missing and to secure a predetermined mechanical strength. 

[Problem(s) to be Solved by the Invention] Then, if it searches for the cause by which this 
plastic-working nature is missing in the hght metal alloy containing aluminum and 
MAGUNESHIMU, when aluminum and MAGUNESHIMU coexist [ 1st ], the compound 
shown in a grain boundary with aluminuml2Mgl7 generates, and this affects plastic-working 
nature On the other hand, although there is no MAGUNESHIMU primary-phase alpha 
phase in the cast cast with dissolution casting, a MAGUNESHIMU primary-phase alpha 
phase exists in the mold goods which injection molded in the state of half-melting with which 
soUd phase/hquid phase coexists. Therefore, the existence or nonexistence of this 
primary-phase alpha phase ease the influence of the above-mentioned AlMg compound, and 
are considered to affect improvement in plastic-working nature. Although the rate of soUd 
phase which are solid phase / liquid phase ratio follows the particle size of the primary-phase 
alpha phase of the above-mentioned magnesium on becoming small and it becomes small the 
2nd. the improvement in plastic-working nature is not accepted so much only by it. However, 
it was found out the ** case given to homogenization heat treatment that plastic-working 
nature improves remarkably by short-time processing. This is the effect which was not 
accepted in dissolution casting. 

[0004] Then, the 1st purpose of this invention is to offer the light metal aUoy 
injection-molding material which has the primary-phase alpha phase of the magnesium 
which raises plastic-working nature, its manufacture method, and a light alloy forgmg 
product. The 2nd purpose of this invention is to offer the light metal alloy injection-molding 
material which can raise plastic-working nature with homogenization heat treatment, its 
manufacture method, and a Ught alloy forging product. 
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[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this 
invention uses as a base material the hght metal which makes aluminum and magnesium an 
alloy content at least, and the Hght metal alloy injection-molding material which is excellent 
in the moldability characterized by including a magnesium primary-phase alpha phase with a 
particle size of 500 micrometers or less is offered. In order to make the primary-phase alpha 
phase of magnesium generate, it is necessary to perform injection molding based on a 
half-melting injection-molding method. Here, after making injection molding by the 
half-melting injection-molding method into a melting state at the temperature of the 
half-melting state where solid phase/hquid phase hves together, or the melting point right 
above of an alloy, it means carrying out injection molding. 

[0006] When a base material is magnesium, 5 % of the weight or more of aluminum is 
contained at least as an alloy content, and it is desirable that it is 200 micrometers or less of 
diameters of average crystal grain. At less than 5 % of the weight, it is because mechanical 
strength predetermined in aluminum is not obtained. Therefore, in this invention, AZ61 and 
AZ80 of ASTM specification, AZ91 grade, and a Mg-aluminum-Zn system alloy are mentioned 
as a desirable Magnesium alloy. Moreover, it is because the rate of a marginal **** lump at 
the time of the forging whose diameter of average crystal grain is one of the plastic-working 
nature in 200 micrometers or more becomes 50% or less. 

[0007] In the conventional dissolution casting, improvement in the moldability which was not 
obtained is accepted (refer to drawing 1 ), and especially the injection-molding material that a 

magnesium primary-phase alpha phase is 120 micrometers or less in particle size, and comes 
to dissolve to a base material with homogenization heat treatment in a MgAl compound 
substantially can give injection-molding material to direct forging fabrication, and can 
simplify the process which results in forging. 

[0008] this invention also offers the manufacture method of the light metal alloy 
injection-molding material characterized by carrying out injection molding and carrying out 
homogenization heat treatment of the moldings, after making a melting state the light metal 
alloy which makes aluminum and magnesium an alloy content at least at the temperature of 
the half*melting state where soUd phase/hquid phase lives together, or the melting point right 
above of an alloy. 

[0009] A magnesium primary-phase alpha phase serves as particle size of 120 micrometers or 
less, and especially this invention method is homogenization heat, when a light metal alloy 
has it when a base material is magnesium and contains 5 % of the weight or more of 
aluminum at least as an alloy content, and injection molding is carried out in the state of 
half-melting of 70% or less of rates of sohd phase. [ effective ] 

[00 10] The conditions of homogenization heat treatment are chosen within the limits of 30 
minutes - sufficient 300-500 degree-Cx 10 hours for making the MgAl compound which exists 
iti the grain boundary of an injection-molded product dissolve to a base material. That is, you 
should take into consideration the particle size of a MgAl compound and (it is related to an 
alloy content) an amount, the mass of mold goods, etc. 

[00 11] Since the Hght metal alloy injection-molding material obtained by this invention has 
the moldability of 60% or more of rates of marginal swaging, it can be given to a direct foi^ng 
process and can manufacture a light alloy forging product. 
[0012] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is 
explained, referring to a drawing. The Magnesium alloy of AZ80 which has the following 
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composition fvas] prepared, and injection molding was performed to the bottom of the 
following condition^ using the half-melting injection molding machine (form -JLM- 450E, 
Japan Steel Works Make) shown in drawing 3 , this injection molding machine - a top 
[ temperature / solidus-line / of a molding material ] " it is - the temperature below 
liquidus-Une temperature - the inside of a screw extruder " an alloy - heating - a 
half-melting state " carrying out ■ a high-speed catapult style - metal mold - a shot is 
carried out into a cavity 
[0013] 
[Table l] 

Magnesium alloy composition (unit - % of the weight) 

aluminum Zn Mn Fe Si Cu nickel Mg Alloy A 8.1 0.45 0.27 0.0018 0.03 0.0025 0.0009 BaL 
[0014] 

[Table 2] Injection-molding condition injection pressure SOMPa injection speed 2 m/sec gates 
speed 48 m/sec die temperature 180 degrees C [0015] Although the Magnesium alloy was cut 
and it was supplied to the shape of a chip, nothing, and the hopper, the rate of soUd phase 
(solid phase/Uquid phase) was adjusted at the heating temperature in a cylinder. While 
checking the success or failure of the primary-phase alpha phase of the injection-molded 
product in the various rates of solid phase with the microphotography, the mean particle 
diameter was measured. A result is as in the following table 3. 

[0016] Moreover, material [ above-mentioned having carried out injection molding ] and the 
material which carried out homogenization heat treatment (for [ 400 degree-Cx ] 180 
minutes) back air cooling were exaxnined by the following forging moldability evaluation 
methods. Consequently, although it becomes the primary-phase alpha phase of 120 
micrometers or less at 70% or less of rates of soUd phase and the particle size of a 
primary-phase alpha phase becomes small with dechne in the rate of solid phase, most 
improvement in a moldabihty is not found. However, a primaiy-phase alpha phase is the 
homogenization heat from 120 micrometers or less. The method of evaluating by the rate of a 
marginal **** lump for which was set and it asked by lump examination using the pillar-Uke 
test piece as the above-mentioned forging moldability evaluation method was used. That is, a 
pillarUke test piece with a diameter [ of 16mm ] and a height of 24mm is set in the height 
direction, and is forged, height H in case the crack of a test piece arises is measured, and they 
are the following formulas (I). 
[Equation l] 

Rate (%) of marginal **** lump =(24-H) (/24) xlOO (I) 

In quest of the rate of a marginal **** lump, it evaluated more. 

[0017] 

[Table 3] ' 

A primary phase alpha phase and forging moldability The rate of soUd phase 10% 20% 40% 
70% 80% Primary-phase alpha phase Mean particle diameter (micrometer) 45 35 75 120 140 
The 1st moldabihty 70% 66% 64% 60% 57% The 2nd moldability 87% 85% 72% 62% 56%, in 
addition, the 1st moldability means the moldability (r^te of a marginal **** lump) in 300 
degrees C before homogenization heat treatment, and the 2nd moldability means the 
moldabihty (rate of a marginal **** lump) in 300 degrees C after homogenization heat 
treatment. 

[0018] When the above result is made into a graph, it is as being shown in drawing 1 . 
Moreover, when the case where continuous casting of the Magnesium alloy of the same 
composition as 10% of rates of solid phase and 70% of case is carried out for change of the 
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moldability before and behind homogenization heat treatment is compared, it is as being 
shown in drawing 2 . that is, except this invention, since existence of a primary-phase alpha 
phase is not accepted, it does not accept, but the homogenization heat treatment effect begins 
to be demonstrated at 70% or less of rates of solid phase also by the case of this invention, the 
particle size of the **** primary-phase alpha phase to which the rate of solid phase falls 
becomes small, and the moldability of the effect of homogenization heat treatment improves 
gradually " things are accepted 

[0019] If D ( drawing 7 ) is compared using the above-mentioned Magnesium alloy the 
half-melting injection^molding material B ( drawing 5 ) which injection molded at the 
half-melting injection-molding material A ( drawing 4 ) which injection molded at 10% of rates 
of solid phase, and 70% of rates of solid phase, when [ C ] die casting is carried out (drawing 
6 ), and when metal mold casting (continuous casting) is carried out, in the case of back 2 
persons, in front 2 persons, a primary-phase alpha phase will not be accepted in a 
primary-phase alpha phase being accepted. 

[0020] Moreover, in the above-mentioned half melting injection-molding material A and B, it 
receives Mgl7aluminuml2 compound which exists in a grain boundary with comparatively 
short homogenization heat treatment of 3 hours at 400 degrees C almost dissolving, and 
disappearing (referring to drawing 8 and drawing 9 ), and in the metal-mold-casting material 
D, even if it performs homogenization heat treatment at 400 degrees C for 6 hours, it hardly 
dissolves (refer to drawing 10 ). This result has appeared in the existence or nonexistence of 
improvement in the moldability of homogenization heat treatment. 

[0021] although various effects were checked about AZ80 Magnetsium alloy above, as long as 
injection molding of the light alloy containing magnesium and aluminum is carried out by the 
half-melting injection-molding method, crystallization of the primary-phase alpha phase of 
this magnesium is carried out Moreover, as long as dissolution casting of the hght metal alloy 
containing magnesium and aluminum is carried out, Mgl7aluminuml2 compound which 
exists in a grain boundary deposits. Therefore, this invention method is applicable to the light 
metal alloy which contains magnesium and aluminum widely. 
[0022] 

[Effect of the Invention] As explained above, in the light alloy which contains magnesium and 
aluminum at least according to this invention, the primary-phase alpha phase of magnesium 
exists with injection molding, and the moldability which was excellent as compared with 
continuous casting is shown. Since Mgl7aluminuml2 compound which deposits in a grain 
boundary dissolves to a base material with homogenization heat treatment and disappears 
especially when the above-mentioned primary-phase alpha phase is 120 micrometers or less, 
the more excellent moldability will be shown. By using such this invention injection-molding 
material, forging fabrication becomes easy and can offer the forging of a Magnesium alloy. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The graph which shows the relation of the mean particle diameter of the rate of solid 

phase in half-melting injection molding of AZ80 Magnesium alloy, and a primary-phase alpha 

phase, and the moldability before and behind homogenization heat treatment. 

[Drawing 2] The graph which contrasted the effect exerted on the moldability before and behind 

homogenization heat treatment by this invention, and the effect exerted on the moldability 

before and behind homogenization heat treatment in continuous casting. 

[Drawing 3] It is the schematic diagram of the half-melting making machine used by this 

invention. 

[Drawing 4] It is the microphotography in which the organization of the half-melting injection- 
molding material A which injection molded at 10% of rates of solid phase is shown. 
[Drawing 5] It is the microphotography in which the organization of the half-melting injection- 
molding material B which injection molded at 70% of rates of solid phase is shown. 
[Drawing 6] It is the microphotography in which the organization of the die-casting material of 
AZ80 Magnesium alloy is shown. 

[Drawing 7] It is the microphotography in which the organization of the metal-mold-casting 
material of AZ80 Magnesium alloy is shown. 

[Drawing 8] It is the microphotography in which the organization after carrying out 
homogenization heat treatment of the half-melting injection-molding material shown by drawing 4 
is shown. 

[Drawing 9] It is the microphotography in which the organization after carrying out 
homogenization heat treatment of the half^melting injection-molding material shown by drawing 5 
is shown. 

[Drawing 10] It is the microphotography in which the organization after carrying out 
homogenization heat treatment of the half-melting injection-molding material shown by drawing 7 
is shown. 
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DRAWINGS 
[Drawing 1] 




10 20 30 40 50 60 70 00 90 too 



o 




[Drawing 2] 





100 




90 




80- 


m 






70- 






'hi 






60- 








50- 




40- 




30- 



-i 



I 



[DrawinE 31 




[Drawing 61 



[Drawing 71 




[Drawing 81 




)_ 

[Translation done.] 



o 




(1 1 ) Publication number 1 1 1 00632 A 
PATENT ABSTRACTS OF JAPAN 



Generated Document 



(21) Application number 09263888 

(22) Application date: 29.09.97. 



(30) Priority: 

(43) Date of application 
*publi cation: 

(84) Designated 
contracting states: 



13.04.99 



(54) UGHT METAL ALLOY 
INJECTION-MOLDING 
MATEFOAL. PRODUCTION 
THEREOF AND UGHT ALLOY 
FORGED PRODUCT 
(57) Abstract 

PROBLEM TO BE SOLVED: To 
improve the plastic workability by 
using a light metal composed of Al 
and Mg as alloy components as a 
base material and containing a-phase 
in Mg primary crystal having a 
specific value or lower of grain 
diameter. 



(51) Intl. CI.: C22C 23/02 B22D 17/00 B22D 17/20 
C22C 1/02 C22C 1/02 C22F 1/06 



(71) Applicant: MAZDA MOTOR CORP 

(72) Inventor FUJITA MAKOTO 

YAMAMOTO YUKIO 
SAKAMOTO KAZUO 

(74) Representative: 



SOLUTION: Particularly, the base 
material of the light metal alloy is Mg 
and as the alloy component, and Al is 
desirable to contain at least 5 wt%^ 
At the time of iryection-forming 
under semi-melting state having £70% 
solid phase ratio, the grain diameter 
of the a-phase in the Mg primary 
crystal becomes <120 ^m and the 
uniformizing treatment effect is 
favorably exhibited. The condition of 
the uniformizing treatment is 
selected in such sufficient ranges of 
300-500** C and 30 min-10 hr that 
Mg-A! compound existing in the grain 
boundary of the injection-formed 
product forms a solid solution in the 
base material. That is, these temp, 
and time are decided under 
consideration grain diameter and 
quantity of the Mg-AI compound and 
mass of the formed product. Since 
the obtd. light metal alloy iruection 
formed material has the formability of 
>60% the limit upsetting ratio, the 
light alloy forged product can be 
produced by applying the direct 
forging process. 
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[0 0 19] ±IB-7^'*^^v'>i*-^^«rfflv\ Sffi^l 0 

%x^^m^\^tz^mimmmm k (04) , @is^ 
7 o%t:'ltffl)Sf^L/i%}iibmfiS:fl^ttB (Bis) . r 
^ * X h L Tt^i'&c (EG) xf^mm'A mm 

50 31) t/ctt^D (1217) ?rJt$x1--& t, M~#T*lilOB^B 



10 0 2 01 $7t. ±f2*^SiS+tfi)SB*M*3J:l>'BT- 

i± 4 0 0 "CT' 3 nmt^^^itm'j^^^^Mit^^Mm.Ti^t 
-?)M g 1 7 A 1 1 2 it^m^ii t ^ t'li^ Lxm 

(r>m^\i 4 0 0 "C-C 6 BtF^i^S'fbf^iilS^-a LT i^ilt 
^^@^#L^v^ (HI O#.0S) o ^0^*(±t^®<b^it!!! 

[0 0 2 1] I^Jl±AZ 8 O-vi'-^^v'^A^&tCov^Tfl 

imfiKff^STita3JSff^i-'i>pi»?B^Bai-r'S) ^><^t"*)'I.o t 
*i^tc#«-r ^ M g 1 7 Ai 1 2 -f b-g-igj 

[0 0 2 2] 

u mm.mmizitLxmiifzmm'tTji-ro miz±m^;) 

a main 2 0 fimiikT(Dm'kii. ^mzVTthi-i>Mg 
. 7 A 1 1 2 it^Tb^i^Uitmmiz X *) Bmzmm Lxm 



(4) #M¥1 1 - 1 0 0 6 3 2 

6 

[HI] A Z 8 0 v ^7-^. -> A'&^<7)4^vtij!ltaJEff^ 

im2] ^?tmizx^i^nitBMmm'ik<Dmm'^R 

10 Km^tm^km^Ltz^yVo 

[US] :$:|§^T-fflv^^iii^il!^ff^^(^)ffi[ll&l2T'* 

[06] AZ 8 Ov^fT^v^A^-^fe(7)5^^*;?. 
mi] A Z 8 0 ^ ^'^-^ V A <7)0 

20 mTFtmmm^nx^hho 

[0101 07 XT^'r^mm%^\^mmmmtm^ 
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[041 
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(51) Int. CI." 

C2 2 F 
// C 2 2 F 



1/06 
1/00 



6 0 8 
6 1 1 
6 8 1 
6 8 3 
6 9 1 



F I 

C2 2F 1/06 
1/00 



6 0 8 
6 1 1 
6 8 1 
6 8 3 
6 9 IB 
6 9 1 C 



